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ψ′R = (1− iα)ψR 
 ψ′L = (1 + iα)ψL
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ν Rν Lν Rν
a) Les quatre etats des neutrinos de Dirac
CP
Lν Rν
b) Les deux etats des neutrinos de Majorana
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Pνe→νe = 1− sin2 2θ13 sin2 ∆31 −
(
c413 sin









sin 2∆21 sin 2∆31 − 2 sin2 ∆31 sin2 ∆21
)
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Pνe→νµ = s223 sin2 2θ13 sin2 ∆31 + 4J
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sin 2∆21 sin2 ∆31 − sin 2∆31 sin2 ∆21
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)2 + s213 sin2 2θ23 (1− c2δ sin2 2θ12)











Pνµ→ντ = c413 sin2 2θ23 sin2 ∆31 + 4J
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sin 2∆21 sin2 ∆31 − sin 2∆31 sin2 ∆21
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)2 + s213 sin2 2θ12 (1− sin2 2θ23c2δ)+ 4K cos 2θ23







Pνµ→νe = 4c213s213s223 sin2 ∆31
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|νm1 > = cos θm|νe > − sin θm|να > 
|νm2 > = sin θm|νe > +cos θm|να > 
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γF − e−π2 γ Fsin2 θ
1− e−π2 γ Fsin2 θ
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λ1U˜α1U˜∗β1 + λ2U˜α2U˜∗β2 + λ3U˜α3U˜∗β3 = 2EνH˜αβ DGIIF
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λ2λ3U˜α1U˜∗β1 + λ3λ1U˜α2U˜∗β2 + λ1λ2U˜α3U˜∗β3 = (2Eν)2H˜αβ  DGIPF





   %.
  DGIHF DGIPF 
 
U˜αiU˜∗βi =


















 λi   
K
   #


























 3  
  
 
 λ1  



















  νµ → νe  
 
   






Pmatνµ→νe = 4c213s213s223 sin2 ∆31
+8c213s12s13s23(c12c23cδ − s12s13s23) cos∆23 sin∆31 sin∆12
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mνe < 2, 1eV/c2 θ12  30◦ ∆m212  8, 2 · 10−5eV 2/c4
mνµ < 0, 19MeV/c2 θ23  45◦ ∆m223  2, 8 · 10−3eV 2/c4
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 DGGNF DGGAF 
 DGGOF 
Pνe→νµ  sin2 θ23 sin2 2θ13 sin2 ∆23 DGIAF
Pνµ→νµ  1− (cos4 θ13 sin2 2θ23 + sin2 θ23 sin2 2θ13) sin2 ∆23 DGIOF
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Pνµ→νe − Pν¯µ→ν¯e = −(Pνµ→ντ − Pν¯µ→ν¯τ ) = Pνe→ντ − Pν¯e→ν¯τ
= 8J
(
sin 2∆12 sin2 ∆23 − sin 2∆23 sin2 ∆12
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 7/&4 XMNY 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 Ωmh2 = 0, 14 ± 0.02
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\ νe + d→ p + p + e−  
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
\ να + d→ p + n + να  
   

 D!F Eseuil > 2, 2 /

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\ φCC = φνe ^
\ φNC = φνe + φνµ + φντ ^






















n + d → t + γ Eγ = 6, 3 /
 4  



































Eγ = 8, 6 /
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φSNOES = 2, 21
+0,31
−0,26(stat)± 0, 10(syst)
φSNONC = 5, 21 ± 0, 27(stat) ± 0, 38(syst)
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RmutiGeV = 0, 702+0,032−0,030(stat)± 0, 099(syst)
RsubGeV = 0, 658 ± 0, 016(stat) ± 0, 032(syst)
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sin2 2θ23 > 0.90
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 sin2 2θ13 $ 7, 6.10−3
θ sin2 2θ θ sin2 2θ θ sin2 2θ
15◦ 0, 25 4◦ 1, 9.10−2 1◦ 1, 2.10−3
10◦ 0, 12 3◦ 1, 1.10−2 0, 5◦ 3, 1.10−4
5◦ 3.10−2 2◦ 4, 9.10−3 0, 1◦ 1, 2.10−5
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TEST DU CINQUIEME SEGMENTTEST DU QUATRIEME SEGMENT
TEST DU TROISIEMME SEGMENTTEST DU SECOND SEGMENT 
TOUTES LES CELLULES EXISTANTES TEST DU PREMIER SEGMENT
Index: 1 2 3 4 5 6 7
CELLULES INTERDITES
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∆: |   x| est en dehors de la zone
Z = 
Zone autorisé pour la connection







1 2Z   + Z
Compare: − et −
Segment 3 : longueur trop petite
Segment 1
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RMS     2.022
 / ndf 2χ  46.93 / 23
Constant  446.8
Mean      0.04812
Sigma     0.9721
 (cm)fit-xvraix







resolution en x RMS    0.04748
 / ndf 2χ  56.92 / 5
Constant   1557
Mean      -0.001494
Sigma     0.01881
 (mrad)fit-avraia











RMS     1.885
 / ndf 2χ  66.99 / 23
Constant  481.9
Mean      0.00826
Sigma     0.9277
 (cm)fit-yvraiy







resolution en y RMS    0.04601
 / ndf 2χ  84.68 / 5
Constant   1623
Mean      -0.0003191
Sigma     0.01828
 (mrad)fit-bvraib
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   1 νµ → ντ
RMS    0.9777
 / ndf 2χ  47.04 / 23
Constant  418.1
Mean      0.02116
Sigma     0.6975
 (cm)fit-xvraix










resolution en x RMS    0.0246
 / ndf 2χ   26.3 / 5
Constant   1294
Mean      -0.0002963
Sigma     0.01483
 (mrad)fit-avraia









RMS    0.9408
 / ndf 2χ  55.08 / 23
Constant  467.9
Mean      0.001907
Sigma     0.6083
 (cm)fit-yvraiy







resolution en y RMS    0.02407
 / ndf 2χ  69.03 / 5
Constant   1298
Mean      -0.0003256
Sigma     0.01427
 (mrad)fit-bvraib
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 I, ≥ 1 
 H,  
 

νµ 99, 1% ± 0, 1% 0, 3% ± 0, 1% 0, 6% ± 0, 1%
 99, 5% ± 0, 1% 0, 2% ± 0, 1% 0, 3% ± 0, 1%
νµ! 59, 7% ± 0, 5% 9, 3% ± 0, 3% 31, 0% ± 0, 5%
τ → µ ,E  97, 7% ± 0, 2% 0, 8% ± 0, 1% 1, 6% ± 0, 1%
τ → µ :- 95, 8% ± 0, 2% 0, 6% ± 0, 1% 3, 6% ± 0, 2%
τ → e ,E  62, 3% ± 0, 7% 11, 5% ± 0, 5% 26, 2% ± 0, 6%
τ → e :- 7, 1% ± 0, 3% 9, 4% ± 0, 3% 83, 5% ± 0, 4%
τ → h ,E  83, 6% ± 0, 4% 6, 3% ± 0, 2% 10, 1% ± 0, 3%
τ → h :- 54, 0% ± 0, 5% 13, 1% ± 0, 3% 32, 9% ± 0, 5%
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= 3.05 ≈ λI(Fe)
ρ(Fe)L(Fe)
= 3.35
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idl idc idc × (1− idl) µId = idl⊕idc
νµ 85, 4% ± 0, 4% 78, 7% ± 1, 1% 11, 5% ± 0, 3% 96, 9% ± 0, 2%
 82, 9% ± 0, 4% 81, 7% ± 0, 9% 14, 0% ± 0, 4% 96, 9% ± 0, 2%
νµ! 1, 3% ± 0, 1% 30, 9% ± 0, 5% 30, 5% ± 0, 5% 31.8% ± 0, 5%
τ → µ ,E  72, 3% ± 0, 4% 75, 2% ± 0, 8% 20, 8% ± 0, 4% 93, 1% ± 0, 3%
τ → µ :- 77, 2% ± 0, 4% 69, 4% ± 1, 0% 15, 8% ± 0, 4% 93, 0% ± 0, 3%
τ → e ,E  2, 0% ± 0, 2% 31, 6% ± 0, 7% 31, 0% ± 0, 7% 33, 0% ± 0, 7%
τ → e :- 0, 04% ± 0, 01% 1, 6% ± 0, 1% 1, 6% ± 0, 1% 1, 6% ± 0, 1%
τ → h ,E  3, 1% ± 0, 2% 48, 0% ± 0, 5% 46, 6% ± 0, 5% 49, 7% ± 0, 5%
τ → h :- 0, 8% ± 0, 1% 25, 9% ± 0, 4% 25, 7% ± 0, 4% 26, 5% ± 0, 4%
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(Pelec < 1, 15 × Pbrique + 0, 2) ⊗
[(Pbrique > 2, 7 	
⊗ Pelec > 1, 5 	
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5  *+%   1 νµ → ντ
assoc µId⊗assoc
νµ 85, 1% ± 0, 4% 82, 4% ± 0, 4%
 84, 8% ± 0, 4% 80, 9% ± 0, 4%
νµ! 30, 9% ± 0, 8% 9, 7% ± 0, 3%
τ → µ ,E  84, 8% ± 0, 4% 78, 8% ± 0, 4%
τ → µ :- 89, 5% ± 0, 3% 83, 3% ± 0, 4%
τ → e ,E  39, 9% ± 1, 2% 13, 0% ± 0, 5%
τ → e :- 22, 6% ± 3, 3% 0, 4% ± 0, 1%
τ → h ,E  35, 3% ± 0, 7% 17, 6% ± 0, 4%
τ → h :- 22, 9% ± 0, 8% 6, 1% ± 0, 2%
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νµ  98, 5% ± 0, 1%
τ → µ ,E   97, 7% ± 0, 2%
τ → µ :-  100%
  97, 9% ± 0, 2%
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 D∼ 30%F 
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 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νµ  98, 0% ± 0, 2%
τ → µ ,E   95, 7% ± 0, 2%
τ → µ :-  100%
  96, 8% ± 0, 2%
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τ → µ ,E  84, 4% 67, 0%
τ → µ :- 93, 9% 85, 2%
τ → e ,E  86, 5% 73, 1%
τ → e :- 93, 9% 79, 4%
τ → h ,E  83, 4% 66, 7%
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 τ → µ τ → e 
 τ → h 
   















































































   
 
  






















    
$
  13%± 1% 
 


































   
 







    K























































      
  	#






     
  %





    
  
    
 









   
 
 PCGI  
   


  I 
  
 #   
 
  












 τ → h 







(  *+%   1 νµ → ντ
τ → µ τ → h τ → e 
$

νµ 82, 4% ± 0, 4% 3, 1% ± 0, 2% 14, 5 ± 0, 4%
 80, 9% ± 0, 4% 3, 2% ± 0, 2% 15, 9% ± 0, 4%
νµ! 9, 7% ± 0, 3% 68, 2% ± 0, 5% 22, 1 ± 0, 4%
τ → µ ,E  78, 8% ± 0, 4% 6, 9% ± 0, 3% 14, 3 ± 0, 4%
τ → µ :- 83, 3% ± 0, 4% 7, 0% ± 0, 3% 9, 7 ± 0, 3%
τ → e ,E  12, 8% ± 0, 5% 67, 0% ± 0, 7% 20, 2 ± 0, 6%
τ → e :- 0, 4% ± 0, 1% 98, 3% ± 0, 2% 1, 3 ± 0, 1%
τ → h ,E  17, 3% ± 0, 4% 50, 3% ± 0, 5% 32, 4 ± 0, 5%
τ → h :- 6, 1% ± 0, 2% 73, 5% ± 0, 5% 20, 4 ± 0, 4%
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Evénements non analysé :
(96,9%)
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τ → µ  3, 4%
τ → e  2, 8%
τ → h  2, 9%
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∆m223 = 1, 9.10
−3 ∆m223 = 2, 4.10
−3 ∆m223 = 3.10
−3
#
6, 8 10, 6 15, 2 0, 7
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 τ  
 #
 
 10, 6 0, 71


 +5  10, 6 0, 72
5 +15  9, 6 0, 74


 +5  10, 5 0, 71

 +15  9, 6 0, 74
 +1  10, 5 0, 71
5
 +2  10, 8 0, 74
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90% de niveau de confiance
Cornes bien alignees
















  15 
(5  *+%   1 νµ → ντ
 
 τ  
 #
 
 10, 6 0, 71


 +15  10, 5 0, 71
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5 +30  10, 2 0, 72
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 +15  10, 4 0, 70
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 10, 5 0, 70
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 10, 6 0, 70
+5  10, 5 0, 71
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Ep   γ e
− e+ π+ π− µ+ µ− K+ K0
2, 2 1, 5 19 5, 5 0, 19 0, 09 0, 26 0, 20 4, 4.10−4 1, 1.10−4 7, 7.10−4 6, 6.10−4
3, 5 1, 3 16 4, 9 0, 20 0, 11 0, 29 0, 26 7, 0.10−4 2, 1.10−4 2, 5.10−3 2, 1.10−3
4, 5 1, 4 14 4, 3 0, 20 0, 12 0, 32 0, 22 6, 2.10−4 1, 9.10−4 5, 2.10−3 3, 8.10−3
6, 5 1, 1 12 3, 8 0, 20 0, 13 0, 32 0, 25 8, 0.10−4 2, 6.10−4 1, 1.10−2 8, 0.10−3
8, 0 0, 9 10 3, 3 0, 19 0, 12 0, 30 0, 26 9, 0.10−4 2, 9.10−4 1, 2.10−2 1, 0.10−2
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Chi2 / ndf = 90.79 / 23
 13.95 ±Constant = 969.9 
 0.0188 ±Mean     = 11.74 
 0.01592 ±Sigma    = 1.709 
distribution radiale
r (cm)












Chi2 / ndf = 82.75 / 25
 10.11 ±Constant = 686.5 
 0.02629 ±Mean     =  30.2 
 0.022 ±Sigma    = 2.278 
distribution radiale
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γµ(1 + βµ cos θ∗)
1− β2µ
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flux de neutrinos provennant...




  2G (    
  






1002   100 F  3;J6  
  





     +-       
 
 20       
 
 1   B                
 
         
 
R   
  F
 








  K0    
     B 

;   
 
 
   
 
       
 

   
   >     F

E (GeV)
































































































































flux de neutrinos provennant...
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flux de neutrinos provennant...
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flux de neutrinos provennant...
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flux de neutrinos provennant...
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flux de neutrinos provennant...
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Ep LT RT νµ ν¯µ νe ν¯e
2, 2 	
 10  1  5, 5(94, 5%) 0, 3(5, 2%) 1, 7(0, 3%) 0, 1(0, 02%)
3, 5 	
 10  1  7, 7(92, 5%) 0, 6(7, 2%) 2, 6(0, 3%) 0, 3(0, 04%)
4, 5 	
 10  1  7, 1(93, 0%) 0, 5(6, 6%) 2, 8(0, 4%) 0, 3(0, 04%)
6, 5 	
 10  1  8, 3(90, 7%) 0, 8(8, 7%) 4, 7(0, 5%) 0, 9(0, 1%)
8, 0 	
 10  1  7, 7(88, 9%) 0, 9(10, 4%) 5, 1(0, 6%) 1, 1(0, 1%)
2, 2 	
 20  1  7, 6(95, 8%) 0, 3(3, 8%) 3, 2(0.4%) 0, 1(0.01%)
3, 5 	
 20  1  10, 0(93, 0%) 0, 7(6, 5%) 4, 4(0.4%) 0, 3(0.03%)
4, 5 	
 20  1  10, 9(93, 5%) 0, 7(6, 0%) 5, 1(0.4%) 0, 4(0.03%)
6, 5 	
 20  1  10, 4(90, 7%) 1, 0(8, 7%) 6, 4(0, 6%) 0, 9(0, 1%)
8, 0 	
 20  1  9, 7(88, 4%) 1, 2(10, 9%) 6, 7(0, 6%) 1, 1(0, 1%)
3, 5 	
 20  1, 5  9, 0(95, 3%) 0, 4(4, 2%) 4, 4(0.5%) 0, 2(0.02%)
4, 5 	
 20  1, 5  13, 2(93, 1%) 0, 9(6, 4%) 6, 9(0.5%) 0, 6(0.04%)
3, 5 	
 30  1  10, 9(93, 5%) 0, 7(6, 0%) 5, 7(0.5%) 0, 3(0.03%)
4, 5 	
 30  1  11, 6(93, 8%) 0, 7(5, 6%) 6, 3(0.5%) 0, 4(0.03%)
2, 2 	
 40  1  8, 9(94, 2%) 0, 5(5, 3%) 5, 1(0.5%) 0, 1(0.01%)
3, 5 	
 40  1  11, 3(92, 9%) 0, 8(6, 6%) 6, 5(0.5%) 0, 3(0.02%)
4, 5 	
 40  1  12, 3(93, 4%) 0, 8(6, 1%) 7, 2(0.5%) 0, 4(0.03%)
6, 5 	
 40  1  11, 7(93, 4%) 1, 1(6, 1%) 8, 3(0, 6%) 0, 9(0, 03%)
8, 0 	
 40  1  10, 9(88, 7%) 1, 3(10, 6%) 8, 5(0, 7%) 1, 2(0, 1%)
3, 5 	
 40  1, 5  14, 5(92, 9%) 1, 0(6, 4%) 10, 0(0.6%) 0, 5(0.03%)
4, 5 	
 40  1, 5  15, 5(93, 3%) 1, 0(6, 0%) 10, 8(0.7%) 0, 6(0.04%)
3, 5 	
 40  2  16, 6(92, 0%) 1, 3(7, 2%) 12, 9(0.7%) 0, 7(0.1%)
4, 5 	
 40  2  18, 2(92, 6%) 1, 3(6, 6%) 14, 3(0.7%) 0, 8(0.1%)
3, 5 	
 60  1  11, 7(93, 8%) 0, 7(5, 6%) 7, 6(0.6%) 0, 3(0.02%)
4, 5 	
 60  1  12, 5(94, 1%) 0, 7(5, 3%) 8, 1(0.6%) 0, 4(0.03%)
3, 5 	
 60  1, 5  15, 1(93, 1%) 1, 0(6, 2%) 12, 2(0.7%) 0, 5(0.03%)
4, 5 	




Ep LT RT νµ ν¯µ νe ν¯e
3, 5 	
 40  2  19, 9(93, 5%) 1, 2(5, 7%) 14, 3(0.7%) 0, 7(0.1%)
4, 5 	
 40  2  22, 6(94, 4%) 1, 2(4, 8%) 16, 3(0.7%) 0, 8(0.1%)
3, 5 	
 60  2  21, 7(92, 0%) 1, 2(7, 2%) 19, 7(0.7%) 0, 7(0.1%)
4, 5 	
 60  2  24, 4(94, 2%) 1, 3(4, 9%) 21, 9(0.8%) 0, 9(0.1%)
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Ep LT RT νµ ν¯µ νe ν¯e
2, 2 	
 10  1  0, 4(8, 5%) 4, 3(91, 3%) 0, 2(0, 04%) 0, 8(0, 2%)
3, 5 	
 10  1  0, 7(9, 6%) 6, 6(90, 2%) 0, 6(0, 1%) 1, 3(0, 2%)
4, 5 	
 10  1  1, 0(16, 1%) 5, 2(83, 6%) 0, 9(0, 1%) 1, 1(0, 2%)
6, 5 	
 10  1  1, 2(17, 6%) 5, 6(81, 9%) 1, 9(0, 3%) 1, 8(0, 3%)
8, 0 	
 10  1  1, 2(17, 5%) 5, 6(81, 8%) 2, 2(0, 3%) 2, 1(0, 3%)
2, 2 	
 20  1  0, 4(6, 4%) 5, 8(93, 3%) 0, 2(0, 03%) 1, 6(0, 3%)
3, 5 	
 20  1  0, 9(9, 2%) 8, 5(90, 5%) 0, 6(0, 1%) 2, 2(0, 2%)
4, 5 	
 20  1  1, 1(14, 1%) 6, 7(85, 6%) 1, 0(0, 1%) 1, 8(0, 2%)
6, 5 	
 20  1  1, 4(16, 4%) 7, 1(83, 1%) 2, 0(0, 2%) 2, 5(0, 3%)
8, 0 	
 20  1  1, 5(17, 3%) 7, 1(82, 1%) 2, 3(0, 3%) 2, 8(0, 3%)
3, 5 	
 20  1, 5  0, 6(8, 2%) 6, 7(91, 4%) 0, 4(0.05%) 2, 2(0.3%)
4, 5 	
 20  1, 5  1, 5(15, 6%) 8, 1(84, 0%) 1, 4(0, 2%) 2, 7(0, 3%)
3, 5 	
 30  1  0, 9(8, 7%) 9, 4(90, 9%) 0, 7(0.1%) 2, 9(0.3%)
4, 5 	
 30  1  1, 2(14, 4%) 7, 1(85, 2%) 1, 0(0.1%) 2, 3(0.3%)
2, 2 	
 40  1  0, 5(6, 9%) 6, 7(92, 7%) 0, 3(0.04%) 2, 4(0.3%)
3, 5 	
 40  1  0, 9(8, 4%) 9, 7(91, 2%) 0, 6(0.1%) 3, 3(0.3%)
4, 5 	
 40  1  1, 2(13, 7%) 7, 5(85, 9%) 1, 0(0, 1%) 2, 6(0, 3%)
6, 5 	
 40  1  1, 6(16, 6%) 8, 0(82, 9%) 2, 2(0, 2%) 3, 3(0, 3%)
8, 0 	
 40  1  1, 7(17, 4%) 8, 0(82, 0%) 2, 4(0, 3%) 3, 6(0, 4%)
3, 5 	
 40  1, 5  1, 3(9, 5%) 12, 3(90, 0%) 1, 0(0.1%) 5, 3(0.4%)
4, 5 	
 40  1, 5  1, 7(15, 1%) 9, 5(84, 4%) 1, 5(0.1%) 4, 2(0.4%)
3, 5 	
 40  2  1, 5(9, 7%) 13, 9(89, 8%) 1, 3(0.1%) 6, 9(0.5%)
4, 5 	
 40  2  2, 1(15, 8%) 11, 1(83, 6%) 1, 9(0.1%) 5, 6(0.4%)
3, 5 	
 60  1  0, 9(8, 2%) 10, 1(91, 5%) 0, 7(0.1%) 3, 7(0.3%)
4, 5 	
 60  1  1, 3(14, 4%) 7, 7(85, 2%) 1, 1(0.1%) 2, 9(0.3%)
3, 5 	
 60  1, 5  1, 3(9, 2%) 12, 8(90, 3%) 1, 0(0.1%) 6, 3(0.4%)
4, 5 	




Ep LT RT νµ ν¯µ νe ν¯e
3, 5 	
 40  2  1, 47(8, 2%) 16, 3(91, 3%) 1, 2(0.1%) 7, 8(0.4%)
4, 5 	
 40  2  2, 0(12, 7%) 13, 6(86, 8%) 1, 9(0.1%) 6, 4(0.4%)
3, 5 	
 60  2  1, 5(7, 7%) 18, 1(91, 7%) 1, 3(0.1%) 10, 4(0.5%)
4, 5 	
 60  2  2, 1(12, 4%) 14, 7(87, 0%) 2, 0(0.1%) 8, 4(0.5%)
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   
 5%  

10%
∆m212 = 8, 2(0, 5) × 10−5 eV2 sin2 2θ12 = 0, 82(9%)
∆m223 = 2, 5(0, 1) × 10−3 eV2 sin2 2θ23 = 1, 0(1%)
∆m223 > 0
LT = 20  RT = 1  syst = 2%
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2% 1, 16 0, 92 0, 89 1, 01 1, 12
5% 1, 48 1, 25 1, 25 1, 48 1, 64
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 νµ 36917 60969 73202 78024 76068
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